ABSTRACT: Data from 156 Nellore males were used to develop equations for the prediction of retail beef yield and carcass fat content, expressed as kilograms and as a percentage, from live animal and carcass measurements. Longissimus muscle area and backfat and rump fat thickness were measured by ultrasound up to 5 d before slaughter and fasted live weight was determined 1 d before slaughter. The same traits were obtained after slaughter. The carcass edible portion (CEP in kg and CEP% in percentage; n = 116) was calculated by the sum of the edible portions of primal cuts: hindquarter, forequarter, and spare ribs. Trimmable fat from the carcass boning process, with the standardization of about 3 mm of fat on retail beef, was considered to be representative of carcass fat content. Most of the variation in CEP was explained by fasted live weight or carcass weight (R 2 of 0.92 and 0.96); the same occurred for CEP% (R 2 of 0.15 and 0.13), and for CEP, the inclusion of LM area and fat thickness reduced the equation bias (lower value of Mallow's C p statistics). For trimmable fat, most variation could be explained by weight or rump fat thickness. In general, the equations developed from live animal measurements showed a predictive power similar to the equations using carcass measurements. In all cases, the traits expressed as kilograms were better predicted (R 2 of 0.39 to 0.96) than traits expressed as a percentage (R 2 of 0.08 to 0.42).
INTRODUCTION
The Brazilian meat sector is classified as one of the most dynamic in the world (Informa Economics FNP, 2010) . This scenario is the result of the introduction of Zebu cattle, animals that are well adapted to the edaphoclimatic conditions of the country and currently account for 80% of the Brazilian herd. With the constant change in meat production in Brazil, particularly beef, production processes evolved, creating a need for improvement in the determination of quantitative and qualitative carcass traits and an increase in the quality of the retail beef. Having the possibility of predicting the weight and the percentage of edible portion in preslaughter phase, the breeder can obtain commercial advantages in sale of live animals.
Ultrasound for the measurement of carcass traits in live animals, in combination with genetic evaluation, is an effective tool to add value to the product (Wilson, 1992 ) and has generated a substantial number of records for the databases of Nellore breeding programs. One advantage of this technique is that live animal measurements of body composition traits can be used in equations to predict the proportion of edible beef (Tarouco et al., 2007) and carcass yield (Greiner et al., 2003) . In addition, measurements of fat thickness allow breeders to control the degree of body fat to determine the exact time of slaughter and reduce production costs. Knowledge of retail beef yield and body fat content guarantees advantages in the meat market.
Most equations used for the prediction of retail beef yield and fat content from live animal ultrasound mea-surements were developed using Bos taurus animals (Herring et al., 1994; Williams et al., 1997; Realini et al., 2001; Greiner et al., 2003; Tait et al., 2005) that are finished at a high level of carcass fat, different from Zebu cattle raised in Brazil. The application of these equations to extensively raised Nellore animals has potential for error.
The objective of the present study was to evaluate the capacity of prediction of retail beef yield and carcass fat content in Nellore animals using carcass measurements commonly obtained from live animals by ultrasound and by direct measurement on the chilled carcass.
MATERIAL AND METHODS

Animals
A total of 156 noncastrated Nellore males born between 2006 and 2009, with a mean age ± SD of 18 ± 1.10 mo at slaughter, which were raised and finished at Centro APTA Bovinos de Corte, Sertãozinho, São Paulo, Brazil, were used. The animals were from different selection lines (Mercadante et al., 2003) and raised on pasture until weaning, underwent feedlot performance testing until 1 yr of age, and remained on pasture for an additional 3 to 4 mo until the finishing period started. The finishing diet was balanced with Brachiaria hay, ground corn, cottonseed, citrus pulp, urea, monensin sodium, and a mineral mixture and contained 89% DM, 14.8% CP, and 82% TDN, with a roughage:concentrate ratio of 20:80.
Among the 156 animals, 33 were slaughtered in 2008, 74 in 2009, 25 in 2010, and 24 in 2011 . The 33 animals slaughtered in 2008 and the 74 animals slaughtered in 2009 were from 2 experiments. The objective of the first experiment was to evaluate individual feed intake (33 animals from 2008 + 34 animals from 2009). Animals were divided into 3 feeding categories: baseline (n = 16), restricted (n = 18), and ad libitum (n = 33) feeding groups (Bonilha et al., 2013) . The animals were slaughtered when they had reached 4 mm backfat thickness measured by ultrasound, except for those of the baseline and restricted categories, which were slaughtered at a mean live weight of 385 kg and mean fat thickness of 2.61 mm. The objective of the second experiment was to evaluate the suitability of cottonseed meal as feed for ruminants (40 animals). Animals received food and water ad libitum and were slaughtered when the group reached 450 kg of live weight (Polizel Neto et al., 2014) . For the slaughters performed in 2010 and 2011, the animals were also slaughtered when they had reached 4 mm backfat thickness measured by ultrasound.
Real-Time Ultrasound Image Acquisition and Processing
All real-time ultrasound images were collected by 1 experienced technician up to 5 d before slaughter. The animals were immobilized in the containment chamber, the hide area of the animal was cleaned with a wire brush, and the anatomical sites to be evaluated were oiled with vegetable oil to permit acoustic coupling between the probe and animal. Next, ultrasound LM area (ULMA), ultrasound backfat thickness (UBFAT), and ultrasound rump fat thickness (URPFAT) were measured by ultrasound. Images of ULMA and UBFAT were obtained between the 12th and 13th ribs, transversely over the LM, and UB-FAT was measured three-fourths of the distance from the medial to the lateral edge of the LM. The URPFAT was measured at the junction of the gluteus medius and biceps femoris muscles between the hook and pin bones. The images were obtained with a Pie Medical 401347-Aquila apparatus equipped with a 3.5-MHz linear probe (18 cm; Pie Medical Equipment B.V., Maastricht, Netherlands). The images were saved and subsequently analyzed using the Echo Image Viewer 1.0 (Pie Medical Equipment B.V.), with a precision of 1 decimal place. One day before slaughter, the animals were weighed (fasted live weight [FLW] ) after a 16-h fast from water and solids and sent to the slaughterhouse.
Slaughter and Carcass Handling
After separation of the carcass halves, fat in the abdominal cavity (KPH) was collected and weighed, and the results are expressed as kilograms (KPH) and as a percentage of HCW (KPH%). Empty body weight was obtained by direct determination by the sum of the weights of all internal organs, carcass, head, hide, tail, feet, and blood. The carcass halves were weighed (HCW) and sent to the chilling chamber where they were kept at 0 to 2°C for 24 h. After chilling, the carcass halves were weighed (cold carcass weight [CCW] ). Only the left carcass side was used for measurement of the traits and the records were multiplied by 2 to obtain the result for the whole carcass.
Longissimus muscle area (LMA) and backfat thickness (BFAT) were measured at the same anatomical sites as described above using a plastic grid (resolution = 1 cm 2 ) and caliper, respectively. Cold carcass cuts corresponded to the carcass edible portion and are expressed as kilograms (CEP) and as a percentage of CCW (CEP%). The CEP was calculated as the sum of edible portions of Brazilian primal cuts (Yokoo et al., 2003) : hindquarter, forequarter, and spare ribs. The hindquarter edible portion is also expressed as kilograms (HEP) and as a percentage of primal hindquarter weight (HEP%). The HEP was calculated as the sum of the edible portion of subprimal cuts (sirloin, tenderloin, rump, knuckle, topside, flat, eye of round, cap and tail, and shank).
Trimmable fat from carcass boning process, with the standardization of about 3 mm of fat on retail beef are expressed as kilograms (total trimmable fat weight [TTF] ) and as a percentage of CCW (total trimmable fat percentage [TTF%] ). These traits were considered to be representative of carcass fat content. For the 40 animals slaughtered in a commercial slaughterhouse, the ones fed cottonseed meal, the forequarter edible portion was not obtained; therefore, traits CEP, CEP%, TTF, and TTF% were not available.
Simple Correlations and Models Evaluation
Statistical analysis was performed using the SAS software (version 9.2; SAS Inst. Inc., Cary, NC). Pearson's correlations were estimated between live animal or carcass predictor variables and the traits to be predicted.
The equations for the prediction of retail beef yield or carcass fat content from ultrasound and carcass measurements were developed using stepwise regression. The STEPWISE and SLENTRY = 0.25 and SLSTAY = 0.10 options were used in PROC REG to select the model. The independent live animal variables used for development of the prediction equations were FLW, ULMA, UBFAT, and URPFAT, and alternate models with independent variables obtained after slaughter were HCW, LMA, and BFAT. The goodness of fit of the models was assessed taking into account the coefficient of determination of the model (R 2 ), standard error of prediction, and Mallow's C p statistics ( 2 RSS / 2 p n s + − ), in which RSS is the residual sum of squares, 2 s is the residual variance, p is the number of parameters of the model including the intercept, and n is the number of records.
Model Validation
Part of the data (n = 166) of Nellore carcass traits reported in the study of Bonilha et al. (2008) , with a mean ± SD slaughter age, HCW, LMA, and BFAT of 637 d, 269 ± 49 kg, 66.2 ± 8.65 cm 2 , and 6.85 ± 3.43 mm, respectively, were used to test the equations developed in the present study for CEP and CEP% using carcass measurements and also to test the equations developed by Greiner et al. (2003) for CEP and CEP% using carcass measurements. The equations were CEP = 3.79 + 0.308 × LMA (cm 2 ) -9.418 × BFAT (cm) + 0.249 × HCW (kg) for 1 carcass side and CEP% = 68.83 + 0.165 × LMA (cm 2 ) -5.472 × BFAT (cm) -0.023 × HCW (kg) -1.417 × KPH (%) (Greiner et al., 2003) . The equations were compared based on root mean square error (RMSE). The CEP predicted from the Greiner et al. (2003) equation was multiplied by 2 before RMSE calculation.
RESULTS AND DISCUSSION
For visualization of the proportion of body components in Nellore animals of this age, Fig. 1 illustrates the mean percentages of retail cuts and other noncarcass components (blood, hide, viscera (GIF), head, feet, tail, other internal organs, fat in the abdominal cavity (KPIF), bone, trimmable fat) in relation to mean empty body weight. The sum of all retail cuts and other noncarcass components accounted for 98.7% of the empty body weight, and the remaining 1.3% represented samples loss in the slaughtering and deboning processes. The mean empty body weight (mean ± SD of 402 ± 55 kg) of the animals corresponded to 92% of mean FLW. The data refer to slaughters performed in 2008, 2009, 2010, and 2011 (n = 116) in an experimental slaughterhouse where the collection of data for the calculation of empty body weight is permitted.
There was a wide range of minimum and maximum values for FLW and HCW (Table 1) , a finding that can be explained by the use of animals from 2 lines selected for growth (including 1 control line) and also by the feeding categories applied to some animals. Values close to the CV obtained for the carcass measurements BFAT and LMA have been reported in other studies that also evaluated the growth and carcass composition of animals during the period of preslaughter finishing. The CV for ULMA was similar to the measurement obtained on the chilled carcass, whereas BFAT obtained on live animals presented a lower CV.
Simple Correlations
Mean BFAT was higher than UBFAT (3.99 vs. 3.38 mm) and the r between these measurements was 0.63 (P < 0.0001). The same was observed for mean LMA, which was higher than the mean obtained by ultrasound (76.0 vs. 69.6 cm 2 ), and the r between these measurements was 0.65 (P < 0.01). The correlation estimated in the present study between UBFAT and BFAT or ULMA and LMA was slightly lower than the mean correlations reported in the literature (from 0.68 to 0.97 for BFAT and from 0.56 to 0.95 for LMA; Realini et al., 2001; Greiner et al., 2003; Silva et al., 2003; Tait et al., 2005; Tarouco et al., 2005) . This finding might be related to the fact that, in contrast to studies in the literature (Silva et al., 2003; Tarouco et al., 2005) , the present experiments were not designed for this purpose (various years of slaughter, period between image acquisition and slaughter, etc.). The experience of the ultrasound technician may have influenced the correlation between in vivo and carcass measurements as well.
The mean CEP% (66.3%) was higher than those reported in the literature for Bos taurus by Williams et al. (1997; 64 .1%), Realini et al. (2001; 64 .1%), Greiner et al. (2003; 64.2%) , and Tait et al. (2005; 50 .1%) but lower than the mean value reported for Bos indicus (70%; Silva et al., 2012) . This wide variation may be due to castration, breed, degree of finish of the animals (fatness), and mainly, the meat deboning system. Greiner et al. (2003) observed a wide variation in CEP% (53.7 to 75.8%) as a result of the use of different genetic groups. In Brazil, Tarouco et al. (2007) , studying Braford cattle, found a mean HEP% that was lower (68.5%) than that observed in the present study (73.4%).
Pearson's correlations between live animal or carcass predictor variables and the traits to be predicted are shown in Table 2 . In general, stronger correlation coefficients were obtained for live animal measurements when compared to those obtained on the chilled carcass. The correlations involving traits expressed as a percentage were weaker than the correlations involving traits expressed as kilograms. As expected, FLW and HCW showed the highest correlation with CEP followed by ULMA and LMA.
Other investigators also reported a higher correlation between carcass and ultrasound measurements when the retail product traits are expressed as kilograms than when expressed as percentage of retail beef (Herring et al., 1994; Williams et al., 1997; Realini et al., 2001; Greiner et al., 2003; Tarouco et al., 2007) . Measurements of subcutaneous fat were more strongly and inversely correlated with CEP% than LMA measurements ( Table 2 ). The UBFAT showed higher correlations with KPH, TTF, KPH%, and TTF% than BFAT, in agreement with Tait et al. (2005) . Weak and nonsignificant correlations were observed between ULMA and LMA and CEP%. Similarly, Williams et al. (1997) found correlations of 0.002 and 0.089 for Angus and Hereford carcasses with similar age to those in the present study, respectively. Slightly higher correlations (0.17 to 0.33) between LMA (measured by ultrasound or directly on the carcass) and percentage of retail beef were reported in the studies of Greiner et al. (2003) and Tait et al. (2005) . Wolcott et al. (2001) found significant differences in the relationship between live animal measurements (live weight, ULMA, and USRPFAT) and retail beef percentage when estimated within market beef category, finishing regimen, and breed, a potential difference in the results between studies.
The FLW was negatively correlated with CEP% (-0.39; Table 2); that is, the percentage of retail beef decreases with increasing live weight. According to Tarouco et al. (2007) , the negative influence of live weight on CEP% is stronger in animals with a high degree of finish because of the higher percentage of trimmable fat in commercial cuts. Williams et al. (1997) , Realini et al. (2001) , Greiner et al. (2003) , and Tait et al. (2005) also reported negative correlations between FLW and CEP%, but the correlations were of a lower magnitude (-0.02, -0.20, -0.26, and -0.12, respectively) than those in the present study.
Models
Equations for prediction of carcass retail beef and body fat content were developed from live animal 1 FLW = fasted live weight; CCW = cold carcass weight; LMA = LM area; BFAT = backfat thickness; ULMA = ultrasound LM area; UBFAT = ultrasound BFAT; URPFAT = ultrasound rump fat thickness; CEP = carcass edible portion in kilograms; CEP% = carcass edible portion in percentage; HEP = hindquarter edible portion expressed as kilograms; HEP% = hindquarter edible portion expressed as a percentage of primal hindquarter weight; KPH% = KPH as a percentage of HCW; TTF = total trimmable fat weight; TTF% = total trimmable fat percentage.
2 Sample of animals without CEP.
measurements (Table 3) or from the same measurements obtained on the chilled carcass (Table 4 ). In general, both live animal and carcass measurements had a high predictive power (R 2 of 0.72 to 0.96) when the variables related to carcass retail beef and body fat content were expressed as kilograms, except for KPH, whose equations presented a low to medium predictive power (R 2 of 0.22 to 0.48). However, when the same yield traits were expressed as a percentage, the prediction equations explained little of the variation observed (R 2 of 0.03 to 0.42), with the highest values being observed for the equations predicting TTF%. Ultrasound Measurements. Carcass edible portion expressed as kilograms was best predicted by Eq. [3], was best predicted by equation which included FLW, FLW, ULMA, and UBFAT (R 2 = 0.93), although FLW alone explained almost all of the variation in CEP. However, in addition to R 2 , the statistical value C p should be taken into account when determining whether an equation is a good predictive model. In the first equation, the value of C p was 14.26, indicating very high bias, which decreased substantially with the inclusion of ULMA and UBFAT (Table 3) . Studies in the literature on Bos taurus and Bos taurus × Bos indicus crosses reported prediction equations of CEP whose R 2 values were slightly lower (0.68 to 0.84) than those observed in the present study. Most of these equations included FLW, ULMA, UBFAT, and UR-PFAT as predictor variables (Herring et al., 1994; Greiner et al., 2003; Suguisawa et al., 2006; Tarouco et al., 2007) . Some studies also used gluteus medius depth measured by ultrasound (Williams et al., 1997; Realini et al., 2001 ).
The equations for the prediction of CEP% presented much lower R 2 values (0.15 to 0.20) than the prediction equations of CEP. The FLW was the first variable selected and explained only 15% of the variation in CEP%, with a negative association between FLW and CEP%. The inclusion of ULMA and UBFAT was significant and increased R 2 by 3 and 2%, respectively. In contrast to other studies predicting CEP and CEP% in Bos taurus (Williams et al., 1997; Realini et al., 2001; Greiner et al., 2003) , URPFAT was not significant (P > 0.10) in the present study. The R 2 values of the equations for CEP% reported in the literature range from 0.18 to 0.61 (Herring et al., 1994; Williams et al., 1997; Realini et al., 2001; Greiner et al., 2003; Tait et al., 2005; Suguisawa et al., 2006; Tarouco et al., 2007) . The highest R 2 values were reported in the studies that included the largest samples (Greiner et al., 2003; Tait et al., 2005) and crossbred animals of Bos taurus with Bos taurus and Bos indicus, factors that might explain in part the higher R 2 when compared to the other investigations. Studies conducted in Brazil, where pasture-fed beef cattle and short (3 mo) feedlot finishing predominate, are among those reporting the lowest R 2 values for prediction equations of CEP% (Suguisawa et al., 2006; Tarouco et al., 2007; Silva et al., 2012) and only the last one of these investigations exclusively used Nellore animals. In studies conducted in the northern hemisphere, average UBFAT was not less than 10 mm, whereas in those conducted in Brazil, including the present investigation, the average UBFAT of the animals did not exceed 5 mm. The fact that animals slaughtered in the northern hemisphere present more than double UBFAT compared to animals slaughtered in Brazil may explain the marked difference in the predictive power of equations for CEP%, which is higher for fat animals and lower for lean animals. In the studies reporting equations with a high predictive capacity, UBFAT alone explained 32% of the variation in CEP% (Tait et al., 2005) and UBFAT and UR-PFAT explained 58% of the variation in CEP% (Greiner et al., 2003) followed by ULMA, which explained an additional 10% and an additional 2% of the variation in CEP%, respectively. In contrast, in the study of Suguisawa et al. (2006) and in the present investigation conducted in Brazil, FLW alone explained 20 and 15% of the variation in CEP%, respectively. Another aspect that might explain the differences in the predictive power of the equations developed for CEP and CEP%, which is higher for the first than for the second trait, is the fact that the CV of CEP reported in the studies cited above (Herring et al., 1994; Williams et al., 1997; Realini et al., 2001; Greiner et al., 2003; Tait et al., 2005; Tarouco et al., 2007) is about 12%, whereas the CV observed for CEP% (averaging 4%) does not exceed 6.5%, a value reported by Greiner et al. (2003) , whose equation was the best to explain the variation in CEP% (R 2 = 0.61).
The prediction equations for kilograms of hindquarter retail yield, the cut of highest commercial value (in Brazil), explained a significant portion of the variation observed in HEP (R 2 = 0.87). Again, FLW was the first variable selected, followed by ULMA and UBFAT, which was accompanied by a decrease of C p but without an increase of R 2 . However, when the same trait was expressed as a percentage, the equation explained <10% of the variation and the only variable selected was UR-PFAT, with the observation of a positive association between HEP and URPFAT, possibly because of the low degree of carcass finishing (mean URPFAT: 5.89 mm), suggesting that the greater part of the fat remained in the beef cuts after deboning and trimming the hindquarter.
The variable ULMA was not selected to remain in the equations for the prediction of carcass and noncarcass fat content (except for the last equation), indicating that LMA has a limited association with body fat content expressed as kilograms or percentage. The most important variable to explain the variation in traits related to fat content expressed as kilograms (KPH and TTF) was FLW and those expressed as percentage (KPH% and TTF%) were URPFAT and UBFAT, respectively. The coefficient 1 CEP = carcass edible portion in kilograms; CEP% = carcass edible portion in percentage; HEP = hindquarter edible portion expressed as kilograms; HEP% = hindquarter edible portion expressed as a percentage of primal hindquarter weight; KPH% = KPH as a percentage of HCW; TTF = total trimmable fat weight; TTF% = total trimmable fat percentage.
2 RMSE = root mean square error.
3 Mallow's C p statistic. 4 ULMA = ultrasound LM area; UBFAT = ultrasound backfat thickness; URPFAT = ultrasound rump fat thickness; FLW = fasted live weight.
was positive in all cases; that is, heavier animals produced more kilograms of KPH and TTF and animals with more subcutaneous fat produced a higher percentage of KPH% and TTF% in the carcass. Each fat thickness alone, or together, explained 22% of the variation in KPH% and 32% of the variation in TTF%. Equations with a similar predictive capacity of TTF% (Herring et al., 1994; Williams et al., 1997; Realini et al., 2001; Suguisawa et al., 2006) and with a lower predictive capacity (18%; Tait et al., 2005) have been reported in the literature for Bos taurus or crosses. However, these equations included a larger number of predictor variables than those used in the present study, such as visual score for trimmable fat, intramuscular fat score, and subcutaneous fat thickness measured at other sites of the animal. Carcass Measurements. The prediction equations using carcass measurements (Table 4) explained an additional 3% of the variation in CEP and an additional 4% of the variation in CEP% when compared to the same equations using live animal measurements as independent variables. For CEP, most of the variation was explained by HCW (96%) and inclusion of LMA and BFAT reduced bias (i.e., a lower C p value) but did not improve the predictive capacity of the equation. Equations of lower predictive capacity have been reported by Williams et al. (1997; R 2 The difference in the prediction of CEP using live animal and carcass measurements observed in the present study is largely due to the difference between FLW and HCW, which explained 92 and 96% of the variation in CEP, respectively.
The LMA improved the prediction of CEP% by 7% after selection of HCW, whereas ULMA improved the prediction of CEP% by only 3% after selection of FLW. In the literature, the difference between the predictive capacity of equations for CEP and CEP% developed using live animal and carcass measurements did not exceed 10%. Greiner et al. (2003) observed that the equation developed using carcass measurements compared to ultrasound measurements increased the R 2 for prediction of CEP and CEP% from 0.84 to 0.87 and from 4 LMA = LM area; BFAT = backfat thickness.
5 For hindquarter edible portion expressed as a percentage of primal hindquarter weight there was no significant predictor.
0.61 to 0.68, respectively, when compared to the same equations developed using live animal measurements. However, the opposite was reported by Tait et al. (2005) ; that is, the predictive capacity for CEP% of the equation developed from carcass measurements decreased from 0.49 to 0.38 when compared to the same equation using live animal measurements. With respect to traits related to carcass (TTF) and noncarcass (KPH) fat content, the equations developed using live animal measurements provided higher R 2 values than those using measurements obtained after slaughter. This finding is due to the fact that URPFAT was not measured in the carcass and this measurement alone explained 7, 19, 1, and 2% of the variation in KPH, KPH%, TTF, and TTF%, respectively, in the equations using live animal measurements. The predictive power of the combination of UBFAT and URPFAT for TTF% is reasonably good and the advantage of these variables is that they are easily measured in live animals. This confirms the validity of ultrasound for the estimation of body fat content. Better equations have been reported by Realini et al. (2001) for kilograms and percentage of trimmable fat (R 2 = 0.82 and R 2 = 0.50, respectively) and by Ribeiro et al. (2008) for kilograms of total physical separable internal fat (R 2 = 0.92), when adding ultrasound kidney fat depth.
The results of this type of study reported in the literature vary widely because of differences in the animals, degree of finish, and deboning system used. Comparison of the present results and those reported in other studies conducted in Brazil with the findings of studies conducted in countries that use more intensive production systems, especially North America (Williams et al., 1997; Realini et al., 2001; Greiner et al., 2003; Tait et al., 2005) , highlights the marked difference in the predictive capacity of equations, which is potentially due to the difference in the degree of finish of the animals (lower degree in animals slaughtered in Brazil compared to those slaughtered in North America). It is therefore not recommended that prediction equations developed for intensively raised animals are used to predict the retail beef yield and fat content of extensively raised Nellore cattle. Further studies involving a larger number of Nellore animals are needed to develop equations for retail beef yield and fat content with a higher predictive power. These equations can be used in breeding programs of Nellore cattle since equations including carcass measurements obtained on the live animal would be applicable to a large number of animals.
Model Validation
The RMSE value for the prediction of CEP in Nellore animals reported by Bonilha et al. (2008) using the equation developed in the present study for CEP from live animal measurements (last equation for CEP in Table 4) was 13.11 kg, a value 20% lower than the RMSE (16.40 kg) obtained for the prediction of CEP in the same animals using the equation of Greiner et al. (2003) . In contrast, a similar RMSE for the prediction of CEP% was obtained with the equation developed in the present study (last equation for CEP% in Table 4 ) and with the equation developed by Greiner et al. (2003) , with the first being slightly higher (4.71%) than the second (3.65%). Although the prediction equation of CEP% of the present study was developed using Nellore animals, its predictive power (R 2 = 0.24) was lower than that of the equation developed by Greiner et al. (2003) , 0.65.
In conclusion, FLW explains most of the variation in kilograms of retail beef and fat content. However, FLW together with BFAT and LMA have little power to predict the percentage of retail beef and a medium power to predict the percentage of fat content. In these cases, measurements obtained on the live animal or carcass are important to increase the power of prediction of the percentage of retail beef and fat content. The prediction equations of retail beef yield and fat content (kilograms or percentage) developed from live animal measurements or measurements obtained after slaughter are generally similar. Therefore, ultrasound is recommended to improve the prediction of these traits and to obtain records for a large number of animals.
